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We report on research carried out to improve teaching and student engagement in the introductory astronomy
course at the University of Cape Town. This course is taken by a diverse range of students, including many
from educationally disadvantaged backgrounds. We describe the development of an instrument, the Introductory
Astronomy Questionnaire (IAQ), which we administered as pre- and post-tests to students enrolled in the course.
The instrument comprised a small number of questions which probed three areas of interest: student motivation
and expectations, astronomy content, and worldview. Amongst our findings were that learning gains were
made in several conceptual areas, and that students appeared to develop a more nuanced view of the nature of
astronomy. There was some evidence that the course had a positive impact on students’ worldviews, particularly
their attitudes towards science. We also identified a promising predictor of course success that could in future
be used to identify students requiring special teaching intervention.
PACS numbers: 01.40.-d, 01.40.Fk, 01.40.G-, 01.40.Ha
I. INTRODUCTION
Astronomy is currently a key science focus area in South
Africa [1–3], with the national government having made
large investments in facilities over the past ten years in both
optical and radio astronomy. For example, the Southern
African Large Telescope (SALT) is currently the largest op-
tical telescope in the southern hemisphere, and the upcoming
MeerKAT – a precursor instrument for the Square Kilometre
Array (SKA), which will be the world’s largest and most sen-
sitive radio telescope, two-thirds of which will be hosted in
South Africa – is to be the largest and most sensitive radio
telescope in the hemisphere. In addition to facilities funding,
there has also been a strong focus on human capacity develop-
ment, with a view to increasing the number of South African
research astronomers.
The Department of Astronomy within the Faculty of Sci-
ence at the University of Cape Town (UCT) is, currently,
the only one of its kind in South Africa: usually, astron-
omy courses at other South African universities are taught by
physics departments. However, very few physics departments
offer astronomy at the undergraduate level [4].
The academic staff members in the Department of Astron-
omy at UCT are all observational astronomers who are ac-
tive in research areas from stellar astrophysics to extragalac-
tic studies and observational cosmology. The Department of
Astronomy has strong links with the Cosmology and Gravity
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Group (CAGG) within the Department of Mathematics and
Applied Mathematics, whose research themes include string
theory, early universe physics, cosmology, and gravitational
wave physics.
As part of the thrust to grow astronomy in South Africa,
teaching resources were pooled by a number of universities
to form the National Astrophysics and Space Science Pro-
gramme (NASSP). NASSP, which is currently hosted at UCT,
is a graduate programme targeted at South African students
(but includes students from other parts of Africa and further
afield) pursuing Honours, masters and doctoral degrees[5] un-
der the supervision of astrophysicists and cosmologists from
across the country [6]. Owing to the history of South Africa,
the majority of the population is under-represented in key ar-
eas of science and mathematics at all levels, including astron-
omy. Thus increasing diversity and overall participation rates
is a key aim of higher education in South Africa, in partic-
ular with regard to the scientific disciplines. At undergradu-
ate level, many special interventions have been put into place,
in particular extended degree programmes that aim to bridge
the gap between high-school and university. A specific chal-
lenge, however, is to increase the proportion of black students
at postgraduate level, but there has not been much activity in
this regard [7]. However, NASSP has recently initiated a spe-
cial postgraduate bridging programme at the Honours level,
aimed specifically at students from educationally disadvan-
taged backgrounds, particularly from historically black uni-
versities.
Widening participation at undergraduate levels does how-
ever lead to student cohorts with broad ranges of backgrounds,
abilities and levels of preparation. This poses a challenge to
teaching effectively across the spectrum present in a class-
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2room. Therefore it is important that ways of characterizing
the heterogeneity present are explored, in order to optimize
teaching approaches and to allow all students to participate
meaningfully. This applies particularly to the first-year as-
tronomy course at UCT, AST1000F, the focus of this paper.
In the sections that follow, we describe the AST1000F
course in more detail (Section II), the development of an
instrument which we administered as pre- and post-tests to
AST1000F students, in order to probe three different areas of
interest (Section III), and the methodology used when admin-
istering the instrument and analysing the resultant data (Sec-
tion IV). Next, we present our main results (Section V), and
finally, we discuss our findings and offer conclusions and pos-
sibilities for future work (Section VI).
II. THE AST1000F COURSE AND STUDENT COHORT
A. Course context
At the undergraduate level, the Department of Astronomy
at UCT offers students the option of majoring in Astrophysics
(usually taken along with a second major in Mathematics,
Applied Mathematics, or Physics). In particular, the Intro-
duction to Astronomy course, or AST1000F, is a first-year-
level astronomy course which has been offered in its current
form since 1994 by the Department of Astronomy; broadly it
may be thought as an analogue of the U.S. “Astro 101”-type
courses discussed in the literature [8, 9]. While AST1000F
is not a prerequisite for a major in Astrophysics (unlike the
the second- and third-year courses astrophysics courses), it is
strongly recommended to students intending to major in As-
trophysics. AST1000F has no prerequisites, and is open to
any student from any faculty within the university.
B. AST1000F course outline and objectives
The objectives of AST1000F, from the point of view of the
lecturer (S.-L.B.), are:
• to provide an overview of the field of astronomy to
undergraduate students from a diverse range of back-
grounds;
• to impress on students how scientific knowledge is
gained (i.e. how and what data are collected, how data
are analyzed, comparison to models/theory); and
• to expose students to researchers in different fields of as-
tronomy in order to gain more insight into how research
is done, as well as to showcase potential role models in
science to undergraduate students.
The course content aims to meet the first two objectives,
and closely follows the prescribed textbook, Astronomy Today
by Chaisson and McMillan [10]. The first part of the course
covers the Celestial Sphere, the Earth-Moon-Sun system, the
history of Astronomy, radiation and spectroscopy, telescopes
and detectors. The next large section deals with the Solar
System and exoplanets. This is followed by stellar formation
and evolution, and the course concludes with topics including
galaxies and cosmology. With a view to meeting the third ob-
jective, 5 lectures are presented by guests who are experts in
different fields of astronomy.
From the student perspective, the intended outcomes of the
course are for the student to gain:
• a broader understanding of our place in the universe and
the different scales involved, from the size of Earth up to
large-scale structures like galaxy superclusters;
• understanding of and appreciation for the scientific
method;
• knowledge of the terminology and concepts covered in
the course material; and
• insight into how information is gathered and how scien-
tific conclusions are made in the field of astronomy.
These outcomes are broadly consistent with those reported for
“Astro 101” courses in the United States [8].
Throughout the course, there was an emphasis of the fact
that doing science involves an ongoing process of discovery
and change. For example, the lecturer stressed that the current
models used to describe astrophysical objects and processes
are likely to change on the basis of future observations and
theoretical advances.
C. Course format and teaching methods
The UCT academic year (February to November) com-
prises two semesters. The course runs over the first semester,
and comprises 60 lecture periods of 45 minutes each, and 12
weekly tutorial afternoon sessions of up to 2.5 hours each.
Student interaction and discussion are strongly encouraged in
lectures. Immediate student feedback is obtained by using in-
class multiple choice questions which require students to vote
using paper cards.
Occasionally, group tutorials are held in a lecture slot, to
assist students to consolidate particular concepts. Material for
these tutorials is based on Lecture-tutorials for introductory
astronomy by Prather et al. [11].
The weekly tutorial sessions vary widely in format. Typi-
cally, four of the 12 sessions are tutorial-type sessions where
students can ask the lecturer any questions they wish about the
course content. Two further sessions involve trips to the local
Iziko Planetarium. These sessions are run by the course lec-
turer and a tutor, and are used to explain celestial coordinates
in a three-dimensional setting, as well as to expose students
to constellations visible in the night sky. Students also visit
the South African Astronomical Observatory (SAAO) where
they are able to take part in star-gazing on small telescopes.
Three of the twelve tutorial sessions involve exercises in a
computer laboratory. These exercises include CLEA tutori-
als [12] and taking part in citizen cyber-science projects such
as Planet Hunters [13] and the Galaxy Zoo [14] projects. The
aim of these sessions is to expose students to how scientific
data analysis is performed and how information is gathered in
3astronomy. The CLEA tutorials simulate telescope observa-
tions and allow basic analysis using built-in tools of the ‘data’
taken with the simulator to extract useful quantities and illus-
trate data analysis methods. One practical slot is also used
as a poster presentation afternoon (see section II D for further
information on this activity).
In addition to lectures and tutorial sessions, course tutors
(TAs) are available for consultation twice per week in the af-
ternoons, when students can informally ask questions and get
help with completing problem sets (see below).
Contact with the students (outside of lectures, tutorials,
and consultation sessions with tutours) is maintained using
the university online course management system, Vula (based
on the Sakai framework). The software enables course-wide
emails and maintains a repository of the lecture materials for
downloading by the students.
D. Assessment
Assessment in the course involves a number of inputs. The
accumulated class record counts 50% towards the final grade
for the course[15], and the final 2-hour long examination con-
tributes the remaining 50%.
Inputs to the class record include five bi-weekly homework
problem sets, the top two out of three class tests, and the marks
from a group scientific poster assignment. For the poster as-
signment the students typically work in groups of four, and
design a scientific poster based on some aspect of the Solar
System. This allows them to do some deeper research into
this area of the course that would not be covered in lectures,
as well as exposing them to a real method of research commu-
nication which is used in many scientific fields.
In the class tests (typically 45 minutes long), assessment
ranges from testing knowledge of scientific facts to testing
three dimensional visualization of the celestial sphere as well
as the magnitude system and the understanding of physical
systems such as the Earth-Moon-Sun system. Since the course
is open to students from across the university, the mathemat-
ics component of the course is kept to a simple level (no more
than high school level mathematics is required) and wherever
possible, conceptual understanding is tested, rather than stu-
dents’ ability to remember and manipulate formulae.
The final examination is essentially a longer version of the
class tests and covers the entire course. The examination also
includes a long essay-type question (comprising 15% of the
paper) where students choose one out of three possible topics.
E. Students
The course has grown in student numbers over the years,
with an average over the past six years of 115 students. In
recent years the course has attracted students mainly from the
Faculty of Science, but there has also been representation from
other faculties, particularly Engineering and, to a lesser extent,
from the Faculty of Humanities. Students who have declared
TABLE I. Summary of demographic information obtained from a
sample of 79 students taking the AST1000F course in 2013. Here,
“EGS” stands for Environmental and Geographic Sciences, and in-
cludes such fields as climatology, oceanography, and geology. The
numbers presented for (selected) subjects taken in high school refer
only to subjects taken by students in their final year of high school.
Category Count (%)
Gender Male 59 (75%)
Female 20 (25%)
Nationality
South African 55 (70%)
Other African 8 (10%)
United States 7 (9%)
Norwegian 6 (8%)
Other 3 (4%)
Home language
English 54 (68%)
Other South African 17 (22%)
Norwegian 6 (8%)
Other 2 (3%)
Year of study
1 40 (51%)
2 20 (25%)
3 15 (19%)
4 4 (5%)
Age (years)
18 21 (27%)
19 21 (27%)
20 13 (16%)
21 13 (16%)
> 22 11 (14%)
University majors
Applied mathematics 12 (15%)
Astrophysics 14 (18%)
Biology-related major 9 (11%)
Computer science 28 (35%)
EGS-related major 11 (14%)
Engineering 7 (9%)
Mathematics 10 (13%)
Other 5 (6%)
Physics 17 (22%)
Relevant high-school subjects
Computer programming 27 (34%)
Geography 21 (27%)
Mathematics 79 (100%)
Physics 68 (86%)
their major as Astrophysics comprise a relatively small frac-
tion of the class (13.6% on average from 2008-2013).
There are many students who take the course in a year other
than their first year of study (something which is relatively
unusual for a first-year science course in South Africa) as an
elective course, and the course is also popular with semester
study abroad students who take it as a transferable credit to-
wards their degrees at their home institutions. Therefore the
student cohort is relatively diverse, although the majority of
4students in recent years have been science majors (in con-
trast to the situation in the United States, where the majority
of students taking an introductory astronomy course are non-
science majors [16]).
This year, 108 students signed up for AST1000F, of whom
100 ended up writing the final examination for the course (the
remaining 8 students either dropped the course because of
timetable clashes, or were compelled to drop the course on ac-
count of not meeting sub-minimum academic criteria for one
or more other courses at UCT).
To characterize the 2013 student cohort, we asked the stu-
dents to complete an optional, online demographics survey.
This was done towards the end of the semester, when the class
size had already decreased to 100 students. 79 students com-
pleted the survey; salient data thus obtained are summarized
in Table I.
First, it is noteworthy that a third of the class had a home
language which was not English – in fact, 11 different home
languages were represented in the class, with 7 of them be-
ing South African languages (South Africa has 11 different
official languages, and English is only the fourth most-widely
spoken home language in the country). Indeed, even though
the language of instruction for almost all courses at UCT is
English, having a student cohort with a diverse range of home
languages is commonplace, and one often speaks of “language
barriers” in this educational context. Furthermore, in South
Africa, having a home language other than English is, for his-
torical reasons, often a good proxy for socio-economic disad-
vantage [17, 18].
We also note that whereas the majority of students (> 85%)
report having taken physics as part of the Physical Science
curriculum in their final year of high school, the South African
Physical Sciences curriculum for grades 10-12 (the final three
years of school) does not explicitly include any astronomy
content. There is, however, some astronomy content in the
South African Natural Sciences curriculum for grades 4-9,
with particular emphasis placed on the Earth-Sun-Moon sys-
tem, the solar system, and gravity [19, 20].
Finally, the large proportion of students who had computer
science as a major (or one of their majors) is anomalous. In
other years, there have been significantly more humanities
and engineering students, and fewer computer science stu-
dents, taking the course; the anomaly is attributed to present
timetabling logistics.
III. DEVELOPMENT OF A NEW QUESTIONNAIRE
A. Motivation for development
Physics education research (PER) is well established at the
University of Cape Town and has, in part led to various im-
provements and reforms in physics teaching see, for example,
Refs. [21–26]). Unfortunately, however, these efforts have
thus far not included astronomy. Given the increasing inter-
est in astronomy in South Africa, it was felt to be an oppor-
tune time to carry out a study that could be used as a starting
point to inform aspects of the astronomy curriculum. Thus, of
the main motivations for developing and deploying the instru-
ment was to use the data thus obtained to try to optimize the
teaching of the AST1000F course, and to maximize meaning-
ful engagement with its diverse cohort of students; in order to
do so, as a first step we wanted to know who was taking the
course, what motivated them, what they expected to learn, and
how and what they thought about astronomy.
Related to the optimization of astronomy teaching and
learning, we also wished to probe issues tied to the fact
that a number of students taking the AST1000F course –
as is the case for most courses at UCT – tend to come
from historically-disadvantaged communities and have home
languages other than English, which manifests in academic
under-performance [22]. Although there are currently bridg-
ing and intervention programmes in both astronomy and
physics for such students at UCT [e.g. 27–29], students are
often placed into these programmes only after they fail one
or more of their courses at UCT. Thus we wished to investi-
gate whether we might be able to use a simple questionnaire
to identify potential candidates for such programmes earlier
on than is currently done, and perhaps to provide them with
extra academic support ab initio.
Another primary motivation for developing the question-
naire was to study the ways in which students’ views changed
(or didn’t change) after having taken the course; in particu-
lar, we wanted to study the possible ways in which an as-
tronomy course might be used to influence non-content issues
regarding worldview and scientific thinking [30], especially
given that students who study science at a tertiary level in
South Africa have the possibility of ending up in government,
policy-formulation or education.
B. Putting together the questionnaire
In recent years there have been many studies focusing on
student understanding with regard to astronomy and cosmol-
ogy. For example, a number of astronomy-focused instru-
ments and approaches for diagnosing student understanding
have been developed [31]. This includes instruments such
as the Astronomy Diagnostic Test [32–36], the Light and
Spectroscopy Concept Inventory [37, 38], the Star Properties
Concept Inventory [39–41], the Lunar Phases Concept Inven-
tory [42, 43] and the Newtonian Gravity Concept Inventory
[44, 45]. In addition student understanding of cosmology was
explored in detail in [46–50]. However we were not able to
find a suitable (single) instrument that probed the range of is-
sues that were of interest to us in this initial phase of the re-
search. We therefore deemed it necessary to develop our own
instrument aimed at our specific needs. We wish to point that
many aspects of the afore-mentioned instruments are already
used in assessment in the AST1000F course, as noted in Sec.
II C; moreover, the aforementioned instruments were signif-
icantly too technical for a pre-course survey in AST1000F,
given most of the students’ limited or non-existent astronomy
education prior to doing the course (see Sec. II E). Addition-
ally, we wished to tailor the instrument to probe broader issues
pertaining to the course or issues specific to the South African
5context (Secs. II E, III A).
With regard to the astronomy content, members of the PER
research group and members of the Department of Astron-
omy at UCT used AST1000F curricular materials and AER
literature [e.g., in addition to references in the above para-
graph, 8, 9, 51, 52] to draw up a preliminary list of about 50
topics, for potential inclusion in the instrument. Concerning
non-content issues, the course lecturer (S.-L.B.) noted that she
tried to introduce broader aspects of scientific thinking into
the curriculum; in previous years, she emphasized the nature
and methods of science throughout the course, while the topic
of astrology [53, 54] was also explicitly addressed during a
planetarium practical session.
Taking all of the above into account, along with the con-
straint that the final instrument would have to be administered
during a single lecture period, the following topics for ques-
tions were selected:
• motivation and expectations regarding the course;
• ideas about what astronomy entails;
• astronomy as a scientific discipline (as opposed to e.g.
astrology);
• theories and evidence in science;
• gravity;
• radiation;
• the SKA and radio astronomy;
• sizes/scales in the universe; and
• understanding of and ability to explain a few very basic
astronomical entities.
Whereas a multiple-choice question (MCQ) format may
have proven more convenient for analysis, it was decided to
use the format modelled on the Physics Measurement Ques-
tionnaire [26, 55] in which free-response writing formed the
basis of the substantive analysis. Apart from facilitating the
expression of views not thought of by us or suggested by
the literature, experience with MCQ-formats has highlighted
the issue of second-language students misinterpreting ques-
tions. For example, even well-established instruments such as
the Epistemological Beliefs Assessment for Physical Science
[56, 57] have been shown to be problematic insofar as the in-
terpretation of questions is concerned [58].
The instrument therefore consisted of a number of ques-
tions which were framed as a debate between students, fol-
lowed by a forced choice response (including a “do not agree
with any” option), and an instruction to give a detailed expla-
nation for the choice made. See Fig. 1 for an example. The in-
strument also contained a ranking task[31], an explaining task
(paying particular attention to perceived audience [59, 60]),
and a free-association task [61, 62]. Refinements to the for-
mulation of questions (e.g. removing potentially ambiguous or
unclear wordings) were made based on informal discussions
with a small sample (∼ 15) of non-astronomy undergraduate
students and astronomy graduate students, none of whom was
connected to the AST1000F course in any way. For the greater
part all the questions appeared to be understood in the manner
in which they were intended, and refinements were of a mi-
nor nature (for example, “telescope” was amended to “radio
telescope” in the question in Fig. 1).
We called the questionnaire the Introductory Astronomy
Questionnaire, and shall henceforth refer to it as the IAQ. The
full list of questions (without the original formatting) consti-
tuting the pre-course IAQ is provided in Appendix A.
C. Changes pre-course to post-course
Following an analysis of the pre-course responses (see Sec.
V), some changes were made to the post-course version of the
IAQ.
The pre-course motivation and expectations questions (Q1a
and Q1b in Appendix A) were modified to probe post-course
experience. Four of the five free-response questions (Q3, Q4,
Q5, and Q7 in Appendix A) were reduced to multiple-choice
questions, where the multiple-choice options were informed
by the analysis of the students’ pre-course written responses
to the same questions. Finally, the radiation question (Q6 in
Appendix A) was reworded in a less constrained manner in
order to allow for a wider range of responses.
The full list of questions constituting the post-course IAQ
is provided in Appendix B.
IV. METHODOLOGY
A. Administering the IAQ to students
The pre-course IAQ was given to students who attended the
pre-course orientation lecture in early February 2013. 79 of
the 108 students who ended up registering for the course were
in attendance (incomplete attendance at such pre-course lec-
tures is typically attributable to the lecture time and venue not
yet being known to all students, to some students not yet hav-
ing finalised their course registration, and/or to some students
not knowing they were expected to attend the lecture), and all
students in attendance completed the questionnaire.
The IAQ was administered immediately following a short
discussion by S.-L.B. of some practical, course-related mat-
ters (times and venues, forms of assessment, and so on), and
importantly, before any discussion or even mention of any-
thing related to the course content.
Students were requested by V.R. (who was not otherwise
associated with the course in any way) to complete the ques-
tionnaire. The following points were made to the students:
• the questionnaire was to be completed “as honestly and
completely as possible”;
• questions were to be answered in the order in which they
appeared;
• students’ answers would be used to improve the course
for future cohorts;
• there were not necessarily “right or wrong answers” for
any of the questions;
6Q7. [SKA1] 
 
A group of students is arguing about the Square Kilometre Array (SKA) radio telescope that is being built in the 
Karoo.  
 
Student A: “The SKA will collect sound waves from outer space.” 
Student B: “No! It will actually detect light!” 
Student C: “I don’t agree with either of you!” 
 
 
With whom do you most closely agree: student A, B or C? (Circle only one letter.) 
 
 
A 
 
B C 
 
Explain in detail why you chose this option. 
 
 
________________________________________________________________________________________________________ 
 
 
________________________________________________________________________________________________________ 
 
 
________________________________________________________________________________________________________ 
 
 
 
[7 further lines appear below] 
FIG. 1. Sample question from the pre-course questionnaire, illustrating the format used for most questions in the instrument. For brevity, a
number of the lines provided for students’ responses have been truncated. The full list of questions (sans original formatting) may be found in
Appendix A.
• students’ answers would not count in any way toward
their grade for the course, and
• the course lecturer (S.-L.B.) would not be allowed to
match individual answers to student identities, but that
V.R. or S.A. might contact students on an individual-
basis [63] to clarify what they had written. (For this it-
eration of the study, at least, we did not end up using the
latter option.)
The students were given no time limit to answer the ques-
tionnaire, although most finished in 20-25 minutes, with none
taking longer than about 35 minutes.
The post-course version of the IAQ was administered in the
same manner (both V.R. and S.A. present) in mid-May 2013,
following the last lecture for the course (and a week or two
before the final examination for the course). 91 of the 100
students still registered for the course were in attendance at
the lecture, and all filled out the questionnaire. Most finished
in around 15 minutes, with none taking longer than about 30
minutes.
Of the 91 students who filled out the post-course IAQ, 71
had also filled out the pre-course IAQ.
B. Analysis
Each student was assigned a unique numerical code which
was appended to each page of their IAQ submissions. Sub-
missions were then separated by question, and the analysis
was carried out on a question-by-question basis (rather than a
student-by-student basis).
For Q1a and Q3–Q7 in the pre-course IAQ (Appendix A),
and Q6 in the post-course IAQ (Appendix B), the analysis was
carried out using the approach suggested by grounded theory
[64, 65] as follows. Given the often complex manner in which
students expressed themselves, each full written responses
was first summarized independently by two researchers, keep-
ing to the original text as closely as possible. Students’ answer
choices were used, where relevant, to supplement their written
responses, although in the occasional cases of a discrepancy
7between a student’s answer choice and their written explana-
tion, precedence was given to the written explanation. (The
inter-rater agreement at this stage of the analysis was close
to 100%.) The summarized form of the students’ responses
was captured onto a spreadsheet, and used to extract the main
points expressed by each student. The inter-rater agreement
between the two researchers was over 95% for all questions.
Using the full list of “main points” for each question, a list
of fine-grained categories covering one or more main points
was drawn up, ensuring that each main point was assigned to
a fine-grained category. It should be noted that in most cases,
a student’s response to a particular question contained more
than one main point, and thus ended up being decomposed
into more than one fine-grained category. Following an iter-
ative process in which each researcher compared their results
and then refined their fine-grained categorization, an average
agreement between category assignments of above 90% was
obtained. Again using an iterative process, the fine-grained
categories were used to construct broader categories of ideas.
These broad emergent categories form the basis of the results
presented for these questions.
The analysis for the free-association question (Q2 pre- and
post-course) entailed capturing students’ responses, correct-
ing them for spelling, grouping equivalent words and phrases
together, and then aggregating the results. Further details are
provided in Sec. V B 1, along with the results of the analysis.
The analysis for the ranking (Q8a) and explaining (Q8b)
tasks entailed capturing all students’ responses and identi-
fying incorrect ranking sequences, for the former question,
and, for the latter question, capturing responses and assigning
scores for the given explanations using an “incorrect/partially
correct/correct” metric. Further details are provided in Secs.
V C 3 and V C 4, along with the results.
The analysis for all remaining questions, both pre- and post-
course, entailed simply capturing multiple-choice responses.
V. RESULTS
The results from both the pre-course (79 students in total)
and the post-course (91 students) analyses are presented in full
so as to characterize the spectrum of responses as broadly as
possible. In addition, the change in scores for the ranking and
explaining tasks (Secs. V C 3 and V C 4, respectively) is also
presented for the 71 students who completed both the pre- and
post-course questionnaire.
A. Perspectives on the course itself
1. Reasons for doing the course
In the pre-course questionnaire, students were asked why
they decided to do the AST1000F course. All 79 students
answered the question.
75 out of 79 (95%) of the responses mentioned as part of the
reason for doing the course an interest of some sort – whether
an interest in a specific topic, or in astronomy in general – or
a desire to pursue further studies, or indeed a career, in astron-
omy. 25 out of 79 (32%) of the responses mentioned a more
“utilitarian” motivation for choosing the course – for exam-
ple, the need of a science elective to fill a gap in an academic
curriculum. Finally, 11 out of 79 (14%) of the responses con-
tained some other reason which did not fit into the two afore-
said categories.
To look more closely at the “interest”-type motivations (it is
worth remarking that most students stated more than one rea-
son for choosing the course, and thus there were more reasons
than there were students):
A.) 40 students mentioned an interest in astronomy in gen-
eral, or a field broadly-related to astronomy (physics,
space science, etc.). Representative response excerpt:
“Astronomy is a subject that interests me.”
B.) 28 students mentioned an interest in a specific
astronomy-related topic (e.g. galaxies, planets, the ori-
gin of the universe). Representative response excerpt:
“I’ve always been interested in stars, the night sky and
theories about the creation and origin of the universe”.
C.) 30 students mentioned a deep or long-standing interest
or passion of some sort (an unexpected result). Repre-
sentative response excerpt: “It has been my desire since
I was young to know more about astronomy.”
D.) 32 students mentioned a general curiosity or desire to
broaden horizons as a motivating factor. Representative
response excerpt: “I don’t intend to work in astronomy-
based field, but would like to learn about the subject.”
E.) 20 students mentioned further studies and/or a possible
career in astronomy, physics etc. as a motivating factor
for taking the course. Representative response excerpt:
“I want to major in astrophysics and this is the only first-
year astronomy course offered.”
Of the “utilitarian”-type motivations, 26 related to credits
or gaps in curricula, while only 2 mentioned an impression
that AST1000F would be an easy elective course – effectively
quelling concern that the course may have been relatively pop-
ular on account of it being perceived as easy rather than inter-
esting.
2. Expectations of difficulty
In the pre-course questionnaire, students were asked how
difficult they expected the course was going to be. They were
asked to circle a number from 1 to 5, where 1 meant “ex-
tremely easy” and 5 meant “extremely difficult.” 78 out 79
students answered the question.
The data obtained from this question (Table II) corroborate
the findings from the previous question (Sec. V A 1), suggest-
ing that few students chose to do the course in the hope that it
would easy.
8TABLE II. Students’ pre-course expectations about the difficulty of
the course. Here, 1 means “extremely easy” and 5 means “extremely
difficult.”
Expected difficulty Count (%)
1 1 (1%)
2 12 (15%)
3 46 (59%)
4 17 (22%)
5 2 (3%)
3. Post-course retrospective
In the post-course questionnaire, students were asked to
what extent the topics covered in the course met the expec-
tations they had at the start of the course. They were asked
to circle a number from 1 to 5, where 1 meant “not at all
what [they] expected” and 5 meant “exactly what [they] ex-
pected.” Students were also asked how interesting they found
the course; again they were asked to circle a number from 1
to 5, where 1 meant “not at all interesting” and 5 meant “ex-
tremely interesting.” These two questions were answered by
90 out of 91 and 91 out of 91 students, respectively; the results
appear in Table III.
TABLE III. Students’ post-course views on the degree to which their
expectations were met vis-a`-vis the course content, and on how in-
teresting they found the course. Here, 1 means “not at all what [they]
expected” and “not at all interesting”, while 5 means “exactly what
[they] expected” and “extremely interesting.”
Expectations met Count (%) Interest in course Count (%)
1 0 (0%) 1 0 (0%)
2 3 (3%) 2 2 (2%)
3 14 (16%) 3 9 (10%)
4 37 (41%) 4 38 (42%)
5 36 (40%) 5 42 (46%)
It was gratifying to note that the responses to the two ques-
tions did not diverge negatively, and that the majority (> 80%)
of the class had a high level of their expectations met and also
found the course interesting (categories 4 and 5 in Table III).
B. Non-content questions
1. What does astronomy entail?
Both pre- and post-course, students were asked to write
down the first several words or phrases that came to mind
when they were presented with the word “astronomy”. (This
question was asked early in the questionnaire, to avoid
prompting the students with specific ideas.) Pre-course, all
79 students polled answered the question, with an average of
10.6 (standard deviation 4.5) different words or phrases per
TABLE IV. Words/phrases students associated with astronomy, both
pre- and post-course (only the words mentioned by at least 10% of
the class are shown). In each case, the words are listed by the to-
tal number of students whose responses contained the word (or an
equivalent). Words with asterisks appear in only one column, i.e.
either pre- or post-course only.
Pre-course (n = 79) Post-course (n = 91)
Word/phrase Count (%) Word/phrase Count (%)
Stars 74 (94%) Stars 71 (78%)
Planets 55 (70%) Galaxies 55 (60%)
Galaxies 53 (67%) Universe 50 (55%)
Universe 37 (47%) Planets 49 (54%)
Black holes 31 (39%) Telescopes 30 (33%)
Space 30 (38%) Black holes 27 (30%)
Telescopes 25 (32%) Space 24 (26%)
Moon 18 (23%) Dark matter 22 (24%)
Sun 16 (20%) Supernovae 22 (24%)
Constellations * 14 (18%) Big Bang 16 (18%)
Milky Way * 13 (16%) Solar system 16 (18%)
Solar system 11 (14%) Moon 14 (15%)
Big Bang 11 (14%) Sun 13 (14%)
Dark matter 10 (13%) Light * 13 (14%)
Supernovae 10 (13%) Spectroscopy * 13 (14%)
Physics 10 (13%) Gravity * 10 (11%)
Comets * 9 (11%) Dark energy * 10 (11%)
Nebulae * 9 (11%) Physics 9 (10%)
Earth * 8 (10%) Interesting * 9 (10%)
Time * 8 (10%) Radiation * 9 (10%)
student; post-course, all 91 students polled answered the ques-
tion, with an average of 10.0 (standard deviation 6.0) words
or phrases per student.
Before aggregating total counts for different words, stu-
dents’ responses were checked for spelling and then pro-
cessed using a script which grouped equivalent or synony-
mous words/phrases together: for example, “Albert Einstein”
and “Einstein”, “large” and “huge”, “intriguing” and “inter-
esting”, “the Earth” and “Earth”, and “star” and “stars” were
all deemed to be equivalent. In total, approximately 100
possible pairs of such equivalents were identified. On the
other hand, words which were not necessarily synonymous
were not grouped together: for example, “sun” and “star”,
or “planet” and “exoplanet”. Following this processing, a to-
tal of 834 separate words/phrases in the pre-course dataset
was reduced to 244 unique words/phrases, and a total of 913
words/phrases in the post-course dataset was reduced to 250
unique words/phrases.
In Table IV we present the most prevalent words/phrases
identified in students’ responses, both in the pre- and post-
course datasets. Only the words mentioned by at least 10%
of the class are shown. Both the pre- and the post-course lists
could be argued to form a reasonable sketch of what astron-
omy entails. It is interesting to note that the same 7 words
9TABLE V. Top 15 words/phrases which students associated with as-
tronomy more prominently post-course than pre-course. The words
are ranked by improvements in rank from pre-course to post-course;
words with fewer than 5 occurrences both pre- and post-course are
excluded from the list.
Post-course (n = 91) Pre-course (n = 79)
Word/phrase Count (%) Rank Count (%) Rank
Spectroscopy 13 (14%) 11 1 (1%) 22
Dark energy 10 (11%) 12 1 (1%) 22
Radiation 9 (10%) 13 0 (0%) -
Cosmology 8 (9%) 14 1 (1%) 22
Interesting 9 (10%) 13 3 (4%) 20
Light 13 (14%) 11 5 (6%) 18
Quasars 6 (7%) 16 0 (0%) -
HR diagram 5 (5%) 17 0 (0%) -
Gravity 10 (11%) 12 5 (6%) 18
Extraterrestrial 5 (5%) 17 0 (0%) -
Dark matter 22 (24%) 8 10 (13%) 13
Supernovae 22 (24%) 8 10 (13%) 13
Life 6 (7%) 16 2 (3%) 21
Exoplanets 6 (7%) 16 2 (3%) 21
Hubble 6 (7%) 16 3 (4%) 20
were used by more than a quarter of the class both pre- and
post-course. This could have implications for the future mar-
keting of the course!
To home in on the impact of the course on students’ ideas
about what astronomy entails, we present in Table V the
top 15 words/phrases which featured more prominently in the
post-course dataset than the pre-course dataset. We used the
change in the rank of a word’s prevalence, rather than the
change in the proportion of students who cited the word, as
a more robust indicator of a change in prevalence [66]. We
exclude from the list all words with fewer than 5 occurrences
both pre- and post-course.
The words which feature more prominently post-course
than pre-course (“spectroscopy”, “dark energy”, “radiation”,
and so on) are largely more technical concepts which were
taught in the course, suggesting a shift from a popular view of
astronomy to a more technical one.
Interestingly, the only word to drop more than 3 ranks (and
with more than 5 occurrences either pre- or post-course) was
“constellations”: 14 instances pre-course, and 5 post-course,
for a drop of 7 ranks. Again, this was consistent with the treat-
ment of the topic in the course (while the topic was presented,
it received little emphasis).
2. Astronomy versus astrology
In the pre-course questionnaire (Q3), the question involving
astrology sought to prompt students both to explain the differ-
ence between astronomy and astrology, and to say whether
they thought each one was useful (and why, or why not).
72 students attempted to define, or to differentiate between,
astronomy and astrology. Of these 72 students:
A.) 47 (65%) gave explanations which could be reconciled
with standard definitions or characterizations of astron-
omy and astrology. Representative response excerpt:
“Whilst astronomy is a scientific study of the stars, as-
trology is the theory that the stars help shape each per-
son’s destiny and character.”
B.) 25 (35%) gave incorrect (“I am pretty sure they are both
the same thing”), vague, or non-committal (“Astronomy
and astrology are two different things, but they also have
things in common”) explanations.
54 students commented on the usefulness of astrology. Of
these 54 students:
A.) 13 (24%) said they thought astrology was useful, or use-
ful if one chose to believe in it. Representative response
excerpt: “A deeper look into astrology proves very inter-
esting and, strangely enough, accurate. Therefore it, too,
has its uses.”
B.) The remaining 41 students (76%) disputed the useful-
ness of astrology. Representative example: “The only
real use for astrology is to give the masses something
mythical to believe in.” Furthermore, at least 18 (33%)
giving a strongly-worded or scathing critique of astrol-
ogy (“[Astrology] is total pseudo-science and a load of
hogwash if you ask me.”)
Only 25 students commented specifically on the usefulness
of astronomy: all said that they thought it was useful, al-
though only 13 of them provided justification for this state-
ment (factors mentioned included allowing us to learn more
about the universe, drive technological development, expand
civilization beyond the Earth, and inform predictions about
space weather). This is broadly consistent with the findings
of Wallace et al. [30], who found that students enrolled in the
general education, introductory astronomy “Astro 101 mega-
course” at the University of Arizona (a large public university
in the USA) generally had positive or at least not negative
views about the relationship between science and many other
aspects of society.
As noted in Sec. III C, the post-course version of the ques-
tion was simpler, and asked students to choose between one of
three distinct options (corresponding to different positions in
a hypothetical argument). 91 students answered the question:
A.) 81 (89%) took the position that “astronomy is a useful
scientific discipline, whereas there is no evidence to sup-
port any of the claims made by astrology, which is mere
superstition.”
B.) 3 (3%) took the position that “there is plenty of evidence
to support astrology, and it can be just as useful as as-
tronomy.”
C.) 7 (8%) took the position that “ultimately, astronomy and
astrology are both belief systems. Either one of them can
be useful, if you choose to believe in it.”
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The decrease in the proportion of students indicating that
they thought astrology to be useful is consistent with the topic
being addressed directly during the course (as suggested in
Sec. III B). Firstly, during a section focusing on the history
of astronomy, the lecturer commented on the historical role
of the astrology, and also voiced her opinions on astrology
(negative), but no class discussion took place on the sub-
ject. Secondly, there was a particular effort made to “debunk”
astrology during a practical planetarium session, as follows.
The course lecturer illustrated the effect of precession of the
earth’s orbit by dialling the star positions back 3000 years,
without the knowledge of the students, and projecting the zo-
diac constellations and the ecliptic onto the planetarium dome.
For this epoch (∼ 3000 B.C.E.), the constellations of the zo-
diac coincided with the dates on the ecliptic used in conven-
tional horoscopes, i.e. the dates purported to be associated
with particular star signs. She read the students horoscope
prediction for particular star signs (i.e. sets of dates) from a
magazine, and discussed whether they thought this might ap-
ply to them. She then revealed to the class that the epoch
setting was in fact ∼ 3000 years in the past. By precessing
the celestial sphere to the year 2013, she illustrated the shift
of the zodiac constellations with respect to the ecliptic, and
then read them the “newly-applicable” horoscopes from the
same magazine. The students seemed to enjoy the exercise
and there was much laughter during this session.
It is interesting to compare these findings with those of Sug-
arman et al. [53], who found that more than three quarters of
a sample of nearly 10,000 undergraduates at the University
of Arizona considered astrology to be very or “sort of” sci-
entific. The authors suggested, however, that while science
classes could counter acceptance of pseudoscience, students’
scientific literacy need not correlate positively with an under-
standing that astrology is pseudoscientific; counter-intuitively,
broader acceptance of pseudoscience often seems to coex-
ist with strong performance on science knowledge indicators.
They further suggest that instructional strategies designed to
combat beliefs in astrology may not, therefore, have a larger
benefit.
3. The Big Bang as a theory
In the pre-course questionnaire, the question involving the
Big Bang sought to prompt students to comment on their be-
liefs regarding the Big Bang theory, and in particular, on their
understanding of the word “theory” in this context. 78 stu-
dents answered the question.
76 students alluded to their belief in whether the Big Bang
happened. Of these students:
A.) 34 (45%) indicated that they believed the Big Bang did
or likely did take place. Representative response excerpt:
“The Big Bang is a theory but I believe it is indeed how
the universe was created.”
B.) 26 (34%) adopted an agnostic position, saying either that
they weren’t sure, or they thought it unknown or un-
knowable whether the Big Bang really did take place.
Representative response excerpt: “I don’t think one can
say with absolute certainty that the universe started with
the Big Bang. No one actually knows.”
C.) 16 (21%) said they did not believe the Big Bang took
place, or that it was unlikely. Representative response
excerpt: “I don’t believe that the universe started with
the Big Bang – I believe that God created the universe.”
Of those in the first two categories, i.e. those who did not re-
ject the possibility of the Big Bang taking place, 7 (12%) said
they could reconcile this view with their religious/theistic con-
victions; on the other hand, of those who said they did not be-
lieve the Big Bang took place, 7 (44%) said they rejected it on
religious grounds.
54 students commented specifically on their interpretation
of the word “theory”. Of these students:
A.) 32 (59%) made reference to the Big Bang being a sci-
entific theory that is well-tested, falsifiable, supported
by observational evidence, and/or widely-accepted in
the scientific community. Representative response ex-
cerpt: “All current physical and theoretical evidence, to
my knowledge, confirms [that the universe started with
the Big Bang]. One example would be the cosmic mi-
crowave background radiation.”
B.) 22 (41%) suggested that the Big Bang was more syn-
onymous with unsubstantiated speculation, or that it was
“nothing more than” a theory. Representative response
excerpt: “There is no real evidence of the Big Bang oc-
curring because of it [allegedly] happening billions of
years before mankind.”
As noted in Sec. III C, the post-course version of the ques-
tion was simpler, and asked students to choose between one of
four distinct options (corresponding to different positions in a
hypothetical argument). 89 students answered the question:
A.) 42 (47%) took the position that “there is strong evidence
that the universe started with the Big Bang.”
B.) 21 (24%) took the position that “while there may be ev-
idence for the Big Bang, I am not convinced that is how
the universe started.”
C.) 25 (28%) took the position that “whether or not the Big
Bang happened, I believe that God created the universe.”
D.) 1 (1%) took the position that “the Big Bang is nothing
more than a theory. There is no real evidence that it hap-
pened.”
The notable change from pre-course to post-course is the
decrease in the proportion of students who dismissed the Big
Bang theory as being akin to unsubstantiated speculation. The
fairly large proportion of students who adopted an agnostic
position post-course may be interpreted as an indicator of
healthy scepticism, or an understanding that a scientific the-
ory can be tested and falsified but never proven. Finally, the
increase in the proportion of students expressing their theistic
convictions is, possibly, a result of their feeling more comfort-
able choosing this option when presented it in multiple-choice
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format, rather than having to offer it of their own volition. It
is also possible that the ethos of the course allowed students
to reconcile their religious views with scientific thinking.
For comparison, Trouille et al. [67] found that a signifi-
cant fraction of students enrolled in an undergraduate, gen-
eral education astronomy course at the Chicago State Univer-
sity (a minority serving institution in the USA) entered the
course with alternative conceptions about the Big Bang the-
ory. The alternative conceptions included that there is no ev-
idence in support of the Big Bang theory, that the theory de-
scribes the creation of planets, that the theory refers to an ex-
plosion within a small point or mass, and that the universe
always existed. Following a semester of instruction, the au-
thors found that student understanding of the early universe
was more robust, but noted that some mental models about
the universe beginning with an explosion seemed difficult to
replace.
In a similar vein, Prather et al. [68] found that more than
two-thirds of a sample of non-science majors at the Univer-
sity of Arizona thought of the Big Bang theory as describ-
ing an “explosion of pre-existing matter” prior to instruction.
Wallace et al. [49] found that more than half of undergrad-
uate students drawn from thirteen different higher-education
institutions in the USA referred to the Big Bang theory as de-
scribing an explosion, with about an additional third of them
speaking of matter existing before the Big Bang.
C. Scientific-knowledge questions
Note that the pre- and post-course questions on radiation
(Q6 in Appendices A and B) will not be discussed in the
present paper as they form part of a separate study, and will
be reported on elsewhere.
1. Gravitation
In the pre-course questionnaire, the question involving the
pen being dropped on the moon sought to probe students’ con-
ceptions about the gravitational force and its universality.
Pre-course, all 79 students answered the question. Of these
students:
A.) 53 (67%) said that the moon had its own gravitational
field (albeit weaker than the Earth’s), or characterized
gravitation in a manner consistent with Newton’s law of
universal gravitation, and that the pen would therefore
fall to the moon’s surface. Representative response ex-
cerpt: “Every massive body in the universe has a degree
of gravitational attraction to other masses. Therefore the
pen would fall onto the surface of moon, but would take
longer than on Earth.”
B.) 12 (15%) said that the pen would not float forever be-
cause of the presence of the Earth’s gravity. Represen-
tative response excerpt: “The force of gravity is always
directed towards the Earth. Everything that is dropped
from any point above the Earth will fall to the Earth re-
gardless of how far it is above the Earth.”
C.) 9 (11%) said that the pen would float forever, either be-
cause the moon’s gravity is too weak and/or the pen is
too light, or because there is no gravity at all in space or
on the moon. Representative response excerpt: “There
is no gravity on the moon to pull the pen down, and thus
the pen will float forever”
D.) 5 (6%) said that they did not know, or gave a non-
committal answer. Representative response excerpt:
“I’m not completely sure about the rules governing grav-
ity.”
As noted in Sec. III C, the post-course version of the ques-
tion was simpler, and asked students to choose between one of
three distinct options (corresponding to different positions in
a hypothetical argument). 91 students answered the question:
A.) 69 (76%) took the position that “if you drop a pen on the
moon, it will fall to the surface of the moon.”
B.) 17 (19%) took the position that “the pen will not fall
down, it will simply float.”
C.) 5 (5%) took the position that “the pen will drift away
from the moon and fall towards the Earth.”
The proportion of students giving scientifically-compatible
responses, both pre- and post-course, is better than reported
elsewhere (see e.g. Noce et al. [69] and Williamson et al. [44]
for results from related investigations in Italy and the USA, re-
spectively); it is possible that this is due to the fact that Newto-
nian gravitation is included in the standard South African high
school physics curriculum [19, 20], but this point requires fur-
ther investigation. It is also interesting to note that a compara-
ble proportion of students gave incorrect answers pre-course
(26%) and post-course (24%). This could be attributed to the
fact that Newtonian gravity is not a strongly-emphasized topic
in AST1000F. While Newton’s Law of Universal Gravitation
is explained conceptually, it is not assessed directly in tests
or assignments; it is, however, used to explain the underly-
ing physics of Kepler’s Laws, and is invoked often throughout
the course, particularly to demonstrate how the masses of as-
tronomical bodies can be measured by observing their orbits.
The original motivation for following this approach was that
the majority of the class, being science students, would have
taken physics at high school. However, in view of these find-
ings, it may be beneficial to rethink this approach.
Interestingly, informal discussions with about ten senior as-
tronomy undergraduates revealed several alternative concep-
tions related to gravity. For example, asking students to ex-
plain why the planets orbited the sun (rather than falling into
the sun), or why astronauts appeared to float in the Interna-
tional Space Station, elicited many incorrect explanations. It
is clear that the topic of gravity is worth pursuing in more de-
tail at all undergraduate levels [45, 69, 70].
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2. The SKA and radio telescopes
In the pre-course questionnaire, the question involving the
SKA sought to probe students’ ideas about what radio tele-
scope do.
Pre-course, 73 students answered the question. Of these
students:
A.) 16 (22%) said that the SKA will collect radio waves,
electromagnetic waves, or electromagnetic radiation.
Representative response excerpt: “The SKA will collect
radio waves, a form of electromagnetic radiation with a
very long wavelength, [and] definitely not visible light.
It may have been visible light once, but has since been
stretched to become radio waves.” Some students in
this category mentioned that electromagnetic radiation
is sometimes referred to, loosely, as “light”.
B.) 17 (23%) said that the SKA will collect, detect or am-
plify light, with no mention of radio waves or anything
to distinguish visible light from longer-wavelength radi-
ation. Representative response excerpt: “I think it will
detect light, because we need light to see. Therefore, the
telescope detects light in order for us to see stars etc.”
C.) 19 (26%) said that the SKA will collect or detect sound.
Representative response excerpt: “I believe a radio tele-
scope would collect sound waves and produce a digital
picture by emitting waves and monitoring the time taken
for them to return.”
D.) 9 (12%) said that the SKA will collect sound and either
light or electromagnetic waves of some form. Represen-
tative response excerpt: “The telescope will collect both
sound and light waves from outer space and will gather
all this data and process it.”
E.) 12 (16%) said that they weren’t sure know, or that they’d
never heard of the SKA. Representative response ex-
cerpt: “I don’t know anything about the SKA.”
As noted in Sec. III C, the post-course version of the ques-
tion was simpler, and asked students to choose between one of
three distinct options (corresponding to different positions in
a hypothetical argument). 91 students answered the question:
A.) 76 (84%) took the position that “radio telescopes collect
a particular type of electromagnetic wave.”
B.) 7 (8%) took the position that “like all telescopes, it will
collect and amplify light that is too faint for our eyes to
see.”
C.) 8 (9%) took the position that “radio telescopes collect
sound waves from outer space.”
Two of the key sections in the course were an introduc-
tion to the electromagnetic spectrum and spectroscopy. The
terms “light” and “EM radiation” were used interchangeably
throughout the course, following the example of the course
textbook [10]. The difference between sound waves and elec-
tromagnetic waves was stressed, and the particle-wave dual
nature of light was discussed. In addition, another key module
of the course focused on telescopes and their designs to enable
observations of EM radiation across the spectrum. Radio tele-
scopes and, in particular, the Square Kilometre Array (SKA)
and South Africa’s role in it, received substantial attention.
This is, perhaps, the reason for the reduction in responses in
the post-course answers referring to the SKA collecting sound
waves, since this misconception was directly addressed in the
course material.
While instruments do exist which seek to probe specific as-
pects of students’ understanding of radio waves – most no-
tably the Light and Spectroscopy Concept Inventory [37, 38]
– it seems that there is to be no data available in the litera-
ture against which to make a direct comparison of our find-
ings. For example, Bardar [71] showed that introductory as-
tronomy students at a number of colleges in the USA entered
courses with a poor understanding of the differences (in terms
of energy and propagation speed) between visible light and ra-
dio waves, and that this understanding improved significantly
following instruction. There are also discussions in the liter-
ature of alternative conceptions related to optical telescopes
[72, 73]. However, none of this work seems to shed light on
students’ ideas about radio telescopes.
3. Ranking task
Students were asked to rank the following from smallest to
largest: galaxy, planet, star, universe, solar system.
Pre-course, 60 out of 79 students (76%) made no mistakes,
i.e. obtained perfect scores, on this ranking task; post-course,
86 out of 91 students (95%) made no mistakes on the same
task. Looking at the sample of 71 students who answered
the question both pre- and post-course, 57 (80%) made no
mistakes pre-course while 69 (97%) made no mistakes post-
course. The mistakes students made are detailed in Table VI.
Students’ improved performance on this ranking task was
consistent with the findings of Coble et al. [74], who studied
Chicago State University students’ understanding of distances
and structure in the Universe. While they do advocate explic-
itly teaching the hierarchical nature of structure in the uni-
verse, the aforesaid authors caution that students seem to find
ranking tasks easier than tasks dealing with absolute scales,
and that they might not be consistent in their reasoning be-
tween the two types of tasks.
4. Explaining tasks
Both pre- and post-course, students were asked to provide
brief explanations (for their “friend’s 12-year old sister”) of
the following: galaxy, planet, star, universe, solar system.
Note that these were the same entities students were asked
to sort in the ranking task.
Given that the students were encouraged to provide brief
and non-technical explanations – the idea being to probe
whether they had a qualitatively correct understanding of the
entity in question, and one which they could communicate
to someone else, rather than whether they could produce a
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TABLE VI. Students’ errors on the ranking task, both pre- and post-course. The leftmost column indicates errors made (e.g. the first entry
corresponds to planets being bigger than stars), and the next columns give the numbers and percentages of students who made these errors.
Full sample Matched students
Incorrect ranking Pre-course Post-course Pre-course Post-course
(n = 79) (n = 91) (n = 71) (n = 71)
Planet > star 11 (14%) 3 (3%) 7 (10%) 1 (1%)
Planet > solar system 3 (4%) 0 (0%) 1 (1%) 0 (0%)
Planet > galaxy 3 (4%) 0 (0%) 1 (1%) 0 (0%)
Star > solar system 3 (4%) 0 (0%) 1 (1%) 0 (0%)
Star > galaxy 1 (1%) 0 (0%) 1 (1%) 1 (1%)
Solar system > galaxy 7 (9%) 2 (2%) 7 (10%) 0 (0%)
Galaxy > universe 1 (1%) 0 (0%) 0 (0%) 0 (0%)
detailed technical explanation – the students’ answers were
marked according to the following scheme:
• 0 points were awarded for an incorrect explanation;
• half a point was awarded for a partially correct
(“halfway-there”, or “on the right track”) explanation;
and
• 1 point was awarded for a minimally-correct (“ade-
quate”) explanation, as detailed below.
Criteria for an explanation to qualify as minimally-correct
(1.0 points) were fixed as below.
• Galaxy – student indicated that it is a collection/system
of stars and other material, and provided any information
to distinguish it from e.g. a stellar system or star cluster
(e.g. student mentions “billions of stars”).
• Planet – student indicated that it is an object in orbit
around the sun (or another star), and provided any infor-
mation to distinguish it from e.g. an asteroid or comet
(larger than a certain size, stable due to its own gravity,
cleared its immediate neighbourhood, etc.).
• Star – student indicated that it is a large/massive,
hot/luminous sphere of plasma/ball of gas, or any equiv-
alent explanation.
• Universe – student indicated that it is all existing mat-
ter and space, all of the cosmos, everything, the totality
of existence, a connected space-time, or any equivalent
explanation.
• Solar system – student indicated that it is the sun and the
objects in orbit around it (e.g. planets, moons), or that it
is a system comprising one or a small number of stars
which orbit each other.
Students giving an explanation which only partially matched
the criteria set out above for a given object were awarded
0.5 points (e.g. “a planet is a body which orbits the sun),
as were students who provided examples without further ex-
planation (e.g. “a star is something like the sun”). Stu-
dents not writing anything which matched the above crite-
ria, and/or giving any factually-incorrect information, were
awarded 0.0 points (e.g. “a planet is any place that can sup-
port life”).
Students’ explanations were marked independently by V.R.
and S.-L.B.; agreement in the scores assigned was found to be
> 95% for all objects. The scores are tabulated in Table VII
for the sample of matched students (n = 71) who answered
the question both pre- and post-course (see Appendix C for
the results for the full pre- and post-course samples). For each
object, the total number of students answering the question,
the number of students scoring 0.0, 0.5 or 1.0 out of 1.0, and
the mean score for the object, is shown; blank responses were
not assigned scores. Note that many students interpreted “so-
lar system” as “stellar system”; scores for the two different
possible interpretations are shown separately.
The mean scores for all objects increased pre- to post-
course. The biggest gains were seen on “planet” and “solar
system” (∼ 28 percentage points, equivalent to a ∼ 50% in-
crease), with the smallest gain (∼ 10 percentage points) on
“universe.” Indeed, when analyzed on a student-by-student
basis, almost every individual student’s scores on the explain-
ing task increased pre- to post-course. Taking all 6 objects
into account, the class average increased from 68% to 85%.
Interestingly, students’ pre-course response rates and scores
for the objects “solar system,” “galaxy” and “universe” were
very similar to those obtained from a sample of students at five
different US institutions using a different instrument, though
one where a nearly-identical explaining task was included for
the aforesaid three objects, and where a very similar grading
scheme was employed [75]. Preliminary results from a study
of pre-service teachers in Norway (see Section VI) also sug-
gest scores consistent with those obtained here. Given the
very different sample demographics, it seems that difficul-
ties associated with defining or describing basic astronomical
terms might be widespread, and further investigation is mer-
ited.
When analyzed in conjunction with the ranking task, the
most prevalent non-scientific description to emerge from the
pre-course IAQ data was the idea that stars are small objects
fixed on the night sky, which is in turn associated or fixed to
the Earth. A few students, all of whom did not speak English
as their first language, also did not appear to be familiar with
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TABLE VII. Scores on the explaining task, for the sample of matched students (n = 71) who answered the question both pre- and post-course.
Pre-course (n = 71) Post-course (n = 71)
Object n(total) n(1.0) n(0.5) n(0.0) Mean score n(total) n(1.0) n(0.5) n(0.0) Mean score
Planet 67 17 39 11 54% 69 46 20 3 81%
Star 71 33 27 11 65% 70 51 19 0 86%
Solar system 12 4 7 1 63% 18 16 1 1 92%
Stellar system 58 45 7 6 84% 52 50 2 0 98%
Galaxy 68 15 47 6 57% 71 28 43 0 70%
Universe 71 50 19 2 84% 70 62 7 1 94%
the term “galaxy”.
It is worth noting that the majority of students, both pre- and
post-course, interpreted “solar system” to mean a general stel-
lar system, and most of those who gave an explanation for the
latter also mentioned that the system might have one or more
(exo)planets in orbit around it. Similarly, many students in-
terpreted “planet” to mean exoplanet. This could be ascribed
to the significant coverage exoplanets have enjoyed in recent
years in popular media.
Most students’ post-course explanations tended to contain
more technical detail than their pre-course ones. For example,
many more students mentioned thermonuclear fusion and stel-
lar evolution when explaining stars; similarly, students gen-
erally gave more detailed characterizations of galaxies (e.g.
mention of gravitational binding, supermassive black holes at
centers, dark matter components, etc.), (exo)planets, and so-
lar/stellar systems.
The wording of the question apparently constrained some
of the students’ explanations – the prompt to provide a simple
explanation to their “friend’s 12-year old sister” seems to have
led some students to provide overly-simplistic explanations,
thus making it difficult to know the extent of their understand-
ing of the entity in question. Positing an audience such as
“a friend who is interested in astronomy”, or similar, may be
more productive in future versions of the IAQ.
5. Predictors of course success
A key aim of the research was to try to identify as early
as possible the students who might have difficulty with the
course, so that suitable interventions could be put into place.
The most promising individual predictor of overall course
success was found to be students’ pre-course scores on the
explaining task (see Sec. V C 4, and Q8b in Appendix A).
The Pearson correlation coefficient between students’ pre-
course explaining task scores (the mean scores in Table VII)
and final grades was found to be r = 0.59, with p-value
p 0.001 [76], indicating a linear correlation significantly
different from zero. Overall, students who did better on the
pre-course explaining task generally did better on the same
explaining task post-course, and more importantly, also ob-
tained better grades for the course as a whole.
Students’ post-course scores on the same task were also
found to be correlated strongly with final grades: the Pear-
son correlation coefficient in this case was r = 0.52, with
p 0.001. Finally, students’ pre- and post-course scores on
the same explaining task were also correlated, with Pearson
coefficient r = 0.63, again with p 0.001.
The correlations between pre- and post-course scores on the
explaining task and final grades are illustrated in Fig. 2.
VI. DISCUSSION AND CONCLUSIONS
The broad aim of this study was to obtain a better under-
standing of the AST1000F students and their perspectives, in
order to improve the course. The instrument we constructed,
the IAQ, sought to probe ideas along three broad axes: student
motivation and expectations, astronomy content, and world-
view. The instrument used a small number of representa-
tive questions as a way to sample each of these three areas.
Within the limitations of such a brief instrument, a number of
potentially-useful insights emerged.
Firstly, contrary to some expectations based on anecdotal
evidence, the overwhelming majority of students in the class
indicated that an interest in astronomy was their primary rea-
son for doing the course (rather than it being an easy elective);
this included many students expressing a long-standing inter-
est in the field, or an interest in a specific topic within the
field. The post-course data showed that this interest had been
maintained to a high degree, and that students’ expectations
regarding the content of the course were largely fulfilled.
The findings based on questions relating to astronomy con-
tent indicated that learning gains were made in several con-
ceptual areas, and that students had developed a more nuanced
view of the nature of astronomy. However, it also emerged
that some concepts (e.g. Newtonian gravity) were not well-
understood by all students, and that these topics would require
further attention in future.
While only two issues were probed on the worldview axis,
it was interesting to note that in the case where a specific in-
tervention was made (addressing astrology), this intervention
appeared to change students’ thinking. On the other hand, in
the case of an issue which was largely addressed implicitly
throughout the course, i.e. theories and the scientific method,
the data from the IAQ were more difficult to interpret unam-
biguously, although there was an apparent positive change in
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FIG. 2. Illustration of the linear relationship between final course grades and pre-course scores (left panel) and post-course scores (right panel)
on the explaining task. In each plot, the solid line represents the best-fitting linear model for the data, while the dotted lines represent 2σ
prediction bounds for the fit.
attitude towards a scientific theory. The broader difficulties of
interpretation could be tied to the inherent complexity of the
topic, the lack of explicit treatment compared with the pre-
vious case, or the way in which the question was changed
from pre-course to post-course. Further investigation in this
area seems warranted as worldview affects students’ approach
to science as a whole, and it has become increasingly clear
that introductory science courses could play a positive role
in addressing broader attitudinal and societal issues without
compromising the scientific content of the course [30, 77].
Bringing these issues to the fore might also offer opportunities
for moving away from binary thinking towards more sophisti-
cated, evidence-based reasoning [78], for which there is little
opportunity in the teaching of traditional introductory science
courses [79–81].
Lastly, we identified a significant correlation between stu-
dents’ scores on the pre-course explaining task and their final
grades for the course. Should this correlation hold up for fu-
ture cohorts, it would suggest using the pre-course results for
early intervention on a student-by-student basis. However, it
is interesting to note that the explaining task is essentially a
writing task, and given that language is often a broad indica-
tor of educational disadvantage, it might be more appropriate
in some cases to encourage students to follow the extended-
degree route.
The IAQ has thus proved to be a rich source of data provid-
ing insight into many issues pertaining to students in our first-
year astronomy course. Despite the small number of ques-
tions, we were able to probe three broad areas relating to stu-
dent engagement with a scientific course. While analyzing
free-response writing is a non-trivial exercise, it is clear to us
at this point that such a wealth of information is not easily
obtained with a multiple-choice format alone. It is also in-
teresting to note that in many cases, students chose particular
options which were not necessarily consistent with their more
detailed expositions. Nevertheless, it would be useful to inves-
tigate the possibility of generating an MCQ-instrument, as this
would allow for more detailed probing along the three axes in
question, and would make it feasible to administer the instru-
ment on a large scale. An important preliminary step would be
to conduct interviews with a future cohort of students to probe
the extent to which the questions are understood as intended.
The present work is being extended through two further
studies, with distinctly different samples. One study involves
candidates for the NASSP postgraduate bridging programme;
the second involves pre-service teachers based in Norway, us-
ing an updated version of the IAQ translated into Norwegian.
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Appendix A: The pre-course IAQ
Each question (Q1, Q2, and so on) appeared on a separate
page.
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Q1a: Why did you decide to do the introductory astronomy
(AST1000F) course? [10 lines provided for answer.]
Q1b: How difficult do you expect the AST1000F course is
going to be? Circle a number from 1 to 5, where 1
means “extremely easy” and 5 means “extremely dif-
ficult”. [Boxes with numbers 1 to 5 provided.]
Q2: When the word “sport” is mentioned, the following
might come to mind: soccer, tennis, swimming, ex-
ercise, keeping fit, injuries, fun, Olympics, Bafana
Bafana, etc.
Write down all the words or phrases that come to mind
when you hear the word “astronomy”. [Large unruled
box filling most of an A4 page provided.]
Q3: A group of students is having an argument about astron-
omy and astrology. Student A: “There is no difference
between astronomy and astrology. They are both about
the stars.” Student B: “Actually, there is a difference be-
tween astronomy and astrology, but both are .” Student
C: “I don’t agree with either of you!”
With whom do you most closely agree: student A, B,
or C? (Circle only one letter.) [Boxes with letters A, B,
and C provided.]
Explain in detail why you chose this option. [10 lines
provided for answer.]
Q4: A group of students is having an argument about the uni-
verse. Student A: “The universe definitely started with
the Big Bang.” Student B: “That is not true! The Big
Bang is nothing more than a theory.” Student C: “I don’t
agree with either of you!”
With whom do you most closely agree: student A, B,
or C? (Circle only one letter.) [Boxes with letters A, B,
and C provided.]
Explain in detail why you chose this option. [10 lines
provided for answer.]
Q5: A group of students is having an argument about gravity
in space. Student A: “If you drop a pen on the moon
it will float forever” Student B: “No! You need to be
much further away from Earth for gravity to disappear.”
Student C: “I don’t agree with either of you!”
With whom do you most closely agree: student A, B,
or C? (Circle only one letter.) [Boxes with letters A, B,
and C provided.]
Explain in detail why you chose this option. [10 lines
provided for answer.]
Q6: A group of students is having an argument about radia-
tion. Student A: “Radiation is a form of electromagnetic
waves.” Student B: “No! Radiation consists of nuclear
particles.” Student C: “I don’t agree with either of you!”
With whom do you most closely agree: student A, B,
or C? (Circle only one letter.) [Boxes with letters A, B,
and C provided.]
Explain in detail why you chose this option. [10 lines
provided for answer.]
Q7: A group of students is arguing about the Square Kilo-
metre Array (SKA) radio telescope that is being built
in the Karoo. Student A: “The SKA will collect sound
waves from outer space.” Student B: “No! It will actu-
ally detect light!” Student C: “I don’t agree with either
of you!”
With whom do you most closely agree: student A, B,
or C? (Circle only one letter.) [Boxes with letters A, B,
and C provided.]
Explain in detail why you chose this option. [10 lines
provided for answer.]
Q8a: Rank the following from smallest to largest: galaxy;
planet; star; universe; solar system. [5 numbered lines
provided, with “smallest” in parenthesis next to number
1, and “largest” in parenthesis next to number 5.]
Q8b: Now explain to your friend’s 12 year old sister what is
meant by each of the these. [2 lines provided for each
item.]
Appendix B: The post-course IAQ
Questions 3–6 appeared two to a page; other questions ap-
peared each on a separate page.
Q1a: To what extent did the topics covered in this course
(AST1000F) meet the expectations you had at the start
of the course? Circle a number from 1 to 5, where 1
means “not at all what I expected” and 5 means “ex-
actly what I expected.” [Boxes with numbers 1 to 5
provided.]
Q1b: How interesting did you find this course? Circle a num-
ber from 1 to 5, where 1 means “not at all interesting”
and 5 means “extremely interesting.” [Boxes with num-
bers 1 to 5 provided.]
Q2: Identical to Q2 in pre-course IAQ.
Q3: A group of students is having an argument about astron-
omy and astrology. Student A: “Astronomy is a use-
ful scientific discipline, whereas there is no evidence
to support any of the claims made by astrology, which
is mere superstition.” Student B: “Nonsense! There is
plenty of evidence to support astrology, and it can be
just as useful as astronomy.” Student C: “Ultimately,
astronomy and astrology are both belief systems. Ei-
ther one of them can be useful, if you choose to believe
in it.”
With whom do you most closely agree: student A, B,
or C? (Circle only one letter.) [Boxes with letters A, B,
and C provided.]
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Q4: A group of students is having an argument about the ori-
gin of the universe. Student A: “The Big Bang is noth-
ing more than a theory. There is no real evidence that it
happened!” Student B: “I think you’ve misunderstood
the word theory’. There is strong evidence that the uni-
verse started with the Big Bang.” Student C: “While
there may be evidence for the Big Bang, I am not con-
vinced that is how the universe started.” Student D:
“Whether or not the Big Bang happened, I believe that
God created the universe.”
With whom do you most closely agree: student A, B, C,
or D? (Circle only one letter.) [Boxes with letters A, B,
C, and D provided.]
Q5: A group of students is having the following argument.
Student A: “If you drop a pen on the moon, it will fall
to the surface of the moon.” Student B: “No! It will not
fall down, it will simply float.” Student C: “Actually,
the pen will drift away from the moon and fall towards
the Earth.”
With whom do you most closely agree: student A, B,
or C? (Circle only one letter.) [Boxes with letters A, B,
and C provided.]
Q6: Your friend says to you: “I heard the astronomy lec-
turer use the term ‘radiation’ in class, but I wasn’t sure
what she meant.” Write down what you will say to your
friend in order to enlighten her. [Large unruled box fill-
ing most of an A4 page provided.]
Q7: A group of students is discussing the Square Kilometre
Array (SKA) radio telescope. Student A: “Like all tele-
scopes, it will collect and amplify light that is too faint
for our eyes to see.” Student B: “No! Radio telescopes
collect sound waves from outer space.” Student C: “I
think radio telescopes collect a particular type of elec-
tromagnetic wave.”
With whom do you most closely agree: student A, B,
or C? (Circle only one letter.) [Boxes with letters A, B,
and C provided.]
Q8a: Identical to Q8a in pre-course IAQ.
Q8b: Identical to Q8b in pre-course IAQ.
Appendix C: Full results for the explaining task
Table VIII presents the results for the explaining task for
the full pre- and post-course samples (Sec. V C 4 presents re-
sults only for the smaller sample of matched students who
answered the question both pre- and post-course). For each
object, the total number of students answering the question,
the number of students scoring 0.0, 0.5 or 1.0 out of 1.0, and
the mean score for the object, is shown; blank responses were
not assigned scores. Note that many students interpreted “so-
lar system” as “stellar system”; scores for the two different
possible interpretations are shown separately.
As with the matched sample, the mean scores for all ob-
jects increased pre- to post-course, with the biggest gains once
again being seen for “planet” and “solar system”. Taking all 6
objects into account, the class average rose from 65% (n = 79)
to 84% (n = 91) pre-course to post-course, which is consistent
with the 68% to 85% increase seen for the n = 71 sample of
matched students.
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